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(54) MEMBER WITH SOLID LUBRICANT FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a member with solid lubricant film, causing no 
deterioration in adhesion between solid lubricant film and member even if an inexpensive 
solid lubricant film is used, capable of giving low coefficient of friction over a long period, and 
also capable of keeping high wear resistance. 

SOLUTION: A primary layer composed of hard film having a large number of micropores of 
0.1-3 urn inside diameter and a secondary layer composed of solid lubricant film are formed. 
The surface roughness Rmax of the primary layer before the formation of the secondary layer 
is regulated to <1 urn. As the solid lubricant film of the secondary layer, a film of MoS2, WS2, 
NbS2, mica, Sb203, BN, WSe, MoSe2, Au, Ag or the like is formed by the cathode arc ion 
plating method, the sputtering method or the shot peening method. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the member with solid-state lubricating film which 
improved abrasion resistance in more detail with low coefficient of friction useful as machine part 
applications, such as sliding wear components and a tool, about the member with solid-state lubricating 
film excellent in lubricity and abrasion resistance. 
[0002] 

[Description of the Prior Art] As a means which reduces coefficient of friction of a tool or a machine 
part, and raises an antiwear characteristic, the approach of forming solid-state lubricating film in a 
member front face is learned. For example, apply an oil to a machine bill-of-materials side, it covers to it 
in the film and oil which distributed the lubrication particle, or **, such as MoS2 film, are formed in it 
by the sputtering method. 

[0003] However, by the approach of these former, solid-state lubricating film did not form a member 
and a diffusion layer, but the adhesion force of a member and solid-state lubricating film was weak. 
Moreover, since the film itself did not have abrasion resistance, when long duration use was carried out, 
the film was worn out, and there was a fault of being exfoliated, worn out and lost from a member front 
face. 

[0004] Moreover, since solid-state lubricating film, such as MoS2, generally had the weak adhesion 
force and hygroscopicity was high, the film itself adsorbs moisture, it has viscosity and tended to 
exfoliate immediately from a member. 

[0005] Furthermore, in the shaft and bearing of a pump which carry out high-speed rotation, especially 
high abrasion resistance and high lubricity (low coefficient of friction) are required, and what is further 
used underwater and in hot water needs the higher adhesion force of solid-state lubricating film. For this 
reason, the property of the above-mentioned conventional solid-state lubricating film is inadequate, and 
ceramic material expensive until now, thermal -spraying material, etc. had to be used. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, even if it uses cheap solid-state lubricating film, the 
adhesion force of solid-state lubricating film and a member does not decline, but low coefficient of 
friction is obtained over long duration, and this invention aims at offering the member with solid-state 
lubricating film which can moreover hold high abrasion resistance. 
[0007] 

[Means for Solving the Problem] The member with solid-state lubricating film of this invention for 
solving the above-mentioned purpose is characterized by forming the 2nd layer, the 1st layer and solid- 
state lubricating film of the hard film which has many detailed holes with a bore of 0.1-3 micrometers. 
[0008] It is desirable for surface roughness Rmax of the 1st layer before forming the 2nd layer in the 
member with solid-state lubricating film of this invention to be 1 micrometer or less. 
[0009] As for the hard film of the 1st layer, it is desirable that they are the nitride film by the cathode arc 
ion plating method, the carbon nitride film, or the carbide film. It is good to set bias voltage to -500- 
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1500V by the cathode arc ion plating method. 

[0010] As for the solid-state lubricating film of the 2nd layer, it is desirable that they are MoS2 film 
formed by the ion plating method, the sputtering method, or the shot-peening method, WS2 film, NbS2 
film, the mica film, 20Sb3 film, BN film, the WSe film, MoSe2 film, Au film, or Ag film. It is good to 
set bias voltage to -500- 1500V by the ion plating method, the sputtering method, or the shot-peening 
method. 
[0011] 

[Embodiment of the Invention] What is used for machine part applications, such as sliding wear 
components and a tool, from the former is applicable to the member of the member with solid-state 
lubricating film of this invention from the former. For example, they are a cutting tool, the SKD steel for 
metal mold, SKH steel, SKS steel, SC steel of a machine structural steel worker, etc. 
[0012] Although the hard film which has many detailed holes with a bore of 0.1-3 micrometers as the 
1st layer is formed in a member front face, this is formed for the purpose of raising the adhesion of the 
hard film and solid-state lubricating film. 

[0013] If many 0.1 -3 -micrometer detailed holes (depression) are formed in a hard film front face, solid- 
state lubricating film will adhere by using the depression as a nucleus, and the adhesion force will 
improve according to an anchor effect. Moreover, even if it wears solid-state lubricating film out, when 
partner material is contacted, and the solid-state lubricating film deposited on a depression is dug up and 
oozes out, the solid-state lubricity on the front face of a member also becomes maintained for a long 
time. 

[0014] It is because solid-state lubricating film enters into a hole and is not easily removed from a front 
face because setting the bore of a detailed hole to 0.1-3 micrometers considers as the bore of this range. 
About 0.001% of abundance of thickness is [ this detailed hole ] moreover, desirable at 10-20 
micrometers 0.01% per area in 5 micrometers. 

[0015] The hard film consists of a nitride, carbon nitride, or carbide desirably, CrN, TiN, TiCN, TiAIN, 
etc. can specifically be used, it is considering as such the quality of the material, and abrasion resistance 
and low coefficient of friction are obtained. The hard film can be formed for example, by the cathode arc 
type ion plating method. 

[0016] This cathode arc type ion plating method uses as cathode the metal target which is an evaporation 
source, by making a chamber into an anode plate, among these, makes a member front face carry out the 
laminating of the compound which caused arc discharge, was made to ionize metallic fumes, ionized 
reactant gas by the collision with ion by one side, and was generated by the metal ion and reaction gas 
ion, and forms the film. For example, what is necessary is just to introduce the reactant gas containing a 
nitrogen atom in a chamber, when forming a nitride. 

[0017] The metaled ionization rate of the cathode arc type ion plating method is high, and since it can 
install two or more evaporation sources in the four directions in a chamber, it could form the film of 
uniform thickness in the member of bipolar membrane, a large-scale configuration, or a complicated 
configuration, and is fit for hard film formation of these members. Before film formation, if bias voltage 
applied between a target and a member is set to -500-1 500V, a metal will adhere to a member and will 
serve as irregularity of the 5 micrometers of the maximum granularity. If hard film, such as a nitride, is 
besides formed, the hole of a large number with a bore of 0. 1-3 micrometers can be formed. 
[0018] If bias voltage is made low with less than [ -500V ], the number of holes will decrease and the 
effectiveness of this invention will decrease. On the other hand, although the number of holes will 
increase if bias voltage is made high exceeding -1500V, the surface roughness of a member also 
increases and the dimensional accuracy as a product falls. 

[0019] Solid-state lubricating film is formed on the 1st layer at the 2nd layer. MoS2, WS2 and NbS2 of 
a sulfide, the mica of an oxide, Sb 203, BN of a nitride, WSe of a selenide, MoSe2, metaled Au, Ag, 
etc. are mentioned to the ingredient of solid-state lubricating film. What is necessary is just to form this 
solid-state lubricating film by for example, the ion plating method, the sputtering method, the shot- 
peening method, etc. 

[0020] Surface roughness Rmax of the 1st layer before forming the 2nd layer may be 1 micrometer or 
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less desirably by surface polish processing etc. It is because can remove the molten metal formed in the 
hard film front face called "drop let" by this, it can decrease, the touch area of the hard film and solid- 
state lubricating film increases and the adhesion force improves. Moreover, drop let's exfoliating from 
the film and shaving solid-state lubricating film can also be prevented. As surface polish processing, 
diamond paper polish, a surface-grinding machine, buffing, etc. can be used. 

[0021] Solid-state lubricating film enters the interior of the hole formed in the hard film, and combines 
mechanically the adhesion force of a member and solid-state lubricating film according to an anchor 
effect. This bonding strength becomes stronger than the conventional approach. 
[0022] A formation case can use direct-current (DC) sputtering and the (RF RF) sputtering method for 
solid-state lubricating film further by the sputtering method. Although inert gas, such as Ne, Ar, and Kr, 
can be used for discharge gas, Ar gas with easy handling is desirable. For example, if discharge gas 
pressure is set as l-4Pa, it will be precise and solid-state lubricating film with the high adhesion force 
will be formed. What is necessary is just to consider discharge power to a target as per [ 100-500W ] 
target. 

[0023] As for the thickness of solid-state lubricating film, it is desirable to be referred to as 0.1-4 
micrometers. It is because membranous shearing becomes easy to happen, many Ar molecules are 
contained in the film, if lubricity sufficient in less than 0.1 micrometers is not obtained but exceeds 4 
micrometers, so lubricating properties also deteriorate. 

[0024] What is necessary is just to inject the mixture which mixed solid lubricant powder and a 
synthetic-resin particle at a fixed rate on a member front face with a dry type blasting machine, when 
forming solid-state lubricating film by the shot-peening method. Solid lubricant powder collides and 
adheres to a member front face, and a resin particle is repelled at the same time it collides with a front 
face, and it flies away with a gas style. At this time, a resin particle drives in and rubs in the solid 
lubrication fine particles adhering to a front face, and the good solid-state lubricating film of adhesion 
with a front face is formed. In addition, since it is hard to form the thick film of solid-state lubricating 
film in the shot-peening method, 1 micrometer or less in thickness is suitable. 
[0025] 

[Example] Example 1 ... Tool steel (SKH5 1) of 2mm in thickness and 20mm angle was used as the 
member, and the film of the 1st layer was formed using the cathode arc type ion plating system by the 
multi-arc company. Cr metal was used for the target. After cleaning a member ultrasonically in ethanol, 
it set in the vacuum chamber and the inside of a chamber was exhausted to 2x10 to 5 or less Torrs. The 
bias voltage of -1000V was impressed between the target and the member, the member front face was 
washed and heated by metal bombardment of Cr metal, Cr ion was driven in, and member temperature 
was made into 450 degrees C. 

[0026] Next, N2 gas was introduced to 50mTorr(s) in the chamber, 10 micrometers of CrN film were 
formed by bias voltage-300V, and it could be the 1st layer. 

[0027] Observation of the front face of the formed CrN film formed 100-200 1mm per two and holes 
with a bore of 0.2-3 micrometers. 

[0028] Then, the lubricant film of the 2nd layer was formed using RF magnetron sputtering system (the 
product made from Japanese ** Anelva, Inc., SPF530H). A disk mold molybdenum disulfide (MoS2) 
target with a diameter of 5 inches is set to the predetermined location in equipment, and the degree of 
vacuum in a chamber is 5x10-4. Vacuum suction was carried out until it was set to Pa, and Ar gas was 
introduced to 0.4Pa. The 300W (2.37 W/cm2) injection of the discharge power was carried out, and it 
formed 1.2 micrometers of MoS(s)2 in Ar gas ambient atmosphere, and made them the 2nd layer. 
[0029] The ball-on disk trial with a diameter of 12mm which made the obtained member with solid-state 
lubricating film 10 Ns of loads and peripheral-velocity 0.5 m/sec using the ball with a diameter of 6mm 
made from SUS440C estimated the count whose MoS2 is lost as a count of durable friction. The count 
of durable friction was 450x102 times, and coefficient of friction was 0.1. Moreover, Vickers hardness 
was 1800HV. Moreover, the cutter knife was used for the member front face for the adhesion force, the 
blemish with a spacing [ of 1mm ] and a die length of about 10mm was formed in the shape of a grid, 
adhesive tape was stuck on the part, and no exfoliation was seen, when this was removed at a stretch and 
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exfoliation of the film was observed. 

[0030] The conventional example 1 ... The 1st layer of an example 1 and this thickness was formed 
without using an electron beam type ion plating system for the same member as an example 1, and 
forming a hole, and the 2nd layer of MoS2 was formed like the example 1 . When it was similarly 
estimated as the example 1, the count of durable friction was 270x102 times, and coefficient of friction 
was 0.15. Moreover, Vickers hardness was 900HV. About 50% of the film exfoliated in the same 
adhesion force evaluation as an example 1. 

[003 1] Example 2 ... The film of the 1st layer was formed like the example 1 except having used 
stainless steel (SUS304) of 2mm in thickness, and 20mm angle as the member, and having set the CrN 
film to 20 micrometers. Observation of the front face of the formed CrN film formed 100-200 1mm per 
two and holes with a bore of 0.2-2 micrometers. 

[0032] Buffing of this member front face was carried out, and surface roughness Rmax was set to 0.08 
micrometers. Distance of an injection air gun and a member was made this ground member for mixed 
powder (740g of MoS2 powder, and 50-micrometer resin bead 320g), 100mm and injection Ayr ** were 
made into 3 kgf/cm2, it sprayed and the 2nd layer membrane which consists of MoS2 film by the shot- 
peening method was formed. The thickness of the 2nd layer was 1 micrometer. 
[0033] No membranous isolation was seen in the same adhesion force evaluation as an example 1. 
[0034] Moreover, in the Falex trial of load 200kgf and rotational-speed 50rpm, even if 1000 seconds had 
passed since rotation initiation, torque value hardly changed and solid-state lubricating film did not 
exfoliate, either. 

[0035] When the Falex trial estimated the member of the conventional example 1 similarly, after 
[ rotation initiation ] MoS2 powder scattered and torque value increased gradually after 800-second 
progress. 

[0036] Example 3 ... 10 micrometers of CrN film were formed as the 1st layer like the example 1, and 
buffing removed and estimated the drop let generated on the front face. Surface roughness Ra in front of 
buffing was 0.08 micrometers, and after buffing was 0.03 micrometers. 

[0037] The solid-state lubricating film which moreover consists of Ag film with the Shinko Seiki 
pierced earring type ion plating system was formed. Ag ingot of a trapezoid mold was put into the 
crucible made from copper-molybdenum, membranes were formed for 30 seconds on condition that the 
electron beam output of lOkW, 40m V, 50mV of ionization current, 20 A, and bias voltage-200V, and 0.5 
micrometers of Ag film were formed. 

[0038] When the load of 2 Ns, the radius of 6mm, and the ball-on disk trial of about 60000 rotations 
estimated abrasion resistance by making into the count of durable friction the count whose Ag film is 
lost, the count of durable friction was 250x102 times, and coefficient of friction was 0.45. No 
membranous isolation was seen in the same adhesion force evaluation as an example 1 . 
[0039] The conventional example 2 ... The 1st layer of an example 2 and this thickness was formed 
without using an electron beam type ion plating system for the same member as an example 2, and 
forming a hole, and the 2nd layer of Ag film was formed like the example 2. When it was similarly 
estimated as the example 2, the count of durable friction was 170x102 times, and coefficient of friction 
was 0.5. Moreover, about 30% of the film exfoliated in the same adhesion force evaluation as an 
example 1. 

[0040] Example 4 ... 20 micrometers of CrN film were formed in the bearing and shaft of a high-speed 
pump like the example 1, and the front face was ground with the polish object with which the powder of 
SiC was distributed. Surface roughness Ra before polish was 0.20 micrometers, and after polish was 
0.08 micrometers. 1 micrometer of MoS2 film was formed like the example 2 on it. 
[0041] It finished setting up these bearings and a shaft on the pump, and they were rotated by 17m/s in 
axial rate by ordinary temperature underwater as an accelerated test. Consequently, most damages on 
membranous were not observed after the accelerated test of 24 hours. 

[0042] Example of a comparison ... Except not forming MoS2 film, when it finished setting up the same 
bearing and same shaft as an example 4 on the pump and the same trial as an example 4 was carried out, 
membranous wear occurred in 30 minutes after a trial, backlash occurred, and the engine performance 
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was inadequate. 
[0043] 

[Effect of the Invention] by this invention, even if it uses cheap solid-state lubricating film, the adhesion 
force of solid-state lubricating film and a member does not decline, but low coefficient of friction 
obtains over a long time - having - in addition - and the member with solid-state lubricating film 
which can hold high abrasion resistance was able to be offered. 



[Translation done.] 



http ://www4 . ipdl .ncipi . go.j p/cgi-bin/tran_web_cgi_ej j e 9/9/0 5 



JP,2000-178720,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPX are not responsible for any 
da ma ges caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The member with solid-state lubricating film in which the 1st layer of the hard film which has 
many detailed holes with a bore of 0.1-3 micrometers, and the 2nd layer of solid-state lubricating film 
were formed. 

[Claim 2] The member with solid-state lubricating film according to claim 1 whose surface roughness 
Rmax of the 1st layer before forming the 2nd layer is 1 micrometer or less. 

[Claim 3] The member with solid-state lubricating film according to claim 1 or 2 whose hard film of the 
1st layer is the nitride film by the cathode arc ion plating method, the carbon nitride film, or carbide 
film. 

[Claim 4] The member with solid-state lubricating film according to claim 1 to 3 whose solid-state 
lubricating film of the 2nd layer is MoS2 film formed by the ion plating method, the sputtering method, 
or the shot-peening method, WS2 film, NbS2 film, the mica film, 20Sb3 film, BN film, the WSe film, 
MoSe2 film, Au film, or Ag film. 

[Translation done] 
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[0019] ®2miz\mtemm*m imv>±.&m 
-rs. wxmmwMfWizte. k^moSk w 

N v -tUXftBiKDWSe. MoSei s &R<0Au. A 

[ 0 0 2 0 ] &2 mz&j8&hw$<vm 1 eo^aa^ r 
maxii, mmmmmizx*). mtLKitium&L 

lirhX-hh. itz. Yx3y7lsyhtfmfrt>§mLX 

mmsmm^xLioztmifh, mmmwm 

[0021] afNWIHRU, mtmzBfSLZtiKILnft 

»=ao&»* mikwmmnmiiZTy*-yi 
mz£*)mm\,z$&tz>. z^m^^a. imm;£ 

[ 0 0 2 2 ] x;<7 * U y ^^®«qai&S^Jgj«^ 
ttjgfc. BEsS (dc) x/N'-y ? 'J SUIft ( R 
F) ^^"jy^ffi^it^S. IfcStfx 
WiNe. Ar, K r3^^yx#flfflT-#S#. 
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1 ~4 Patzw&ttitf. mmxmm^im^ 
ffl*mmimtf&ti&. hizntzwrnji 

12. ^-y-ybifc'3 10 0~5 0 0Wt-rix{fJ:V\ 
[0023] SWBttK^KffJi. 0. 1—4/imfc^- 
*£fc#3*U>. 0. lAm*gfC«-h»-^iiittt« 

=Sr>). K+fc^KOAr^Sr^^-ScoT^t^ttt 

wvmma£j*\ ffl*mmv)Miffitmizm% 
Lxnmt. mvm.?immtzm&t&tm*fiz&8ii 
xm8Lbti>£.mvikZ. mtzmm.^. mm 

„ vv--y?mizn^ximi*mm<r>mmmfgLL 
iz<\,w?. mzium&rFim%Tbz. 

[0025] 

20 im&m m&m ■■■ f52mra. 20mmfl 
cDIjyB ( SKH 5 1 ) Zffitk U v;H-T-?ttg 

lJf?)|g?:J&£L*:. ?-y* y MCliC r&S£fflV> 

yA-flfc-fcy h U rtt: 2 x iO" 8 Tor 

rmTi-CSmtfe. rP-^yhtSBttiafc-lOOO 

v<7y\'4TxmEE£Wa!iU Cr^w?wyA- 

£frK S5ttiSJg^4 5 0t:fcL^. 
30 [0026] iJCt. f-vyA-rt{cN 2 ^X$r50mT 
orr^AU /^TX«E-30 0VCCrNR 
2rlO/zm)g«Lmi«tL3t. 

[ 0 0 2 7 3 Mite r N^ms^mm-rt t , 1 

mm^i^O. rtSO. 2~3/znU»?l#10 0~2 0 
0ffl»gjS$^TV^. 

[0028] ^V^T. RFV^hpyX/N'y^'jy^ 

us ( amr*^/'qfc*£ttSL sPF530H)j-ffl 
^t. m2i<r)^&»iK^mL^. mwtoomfcim 
iz. m&s^y^conm^zMit^vyfy (mo 

40 St ) ?-? y bSr-fe>y hL. f-V 

5X10" 4 PatC^S^T'K^I^L. ArXTX^r 
0. 4Pai?iALfc. tt«S*li300W (2. 3 
7W/cm2)SAL. MoS2^Ar^X#H^vT'l. 
2 timJ&&LLXs&2Mb Liz. 

[0029] &t>tifzw*mmtt*mte. m&6m 

m<7)SUS44 0CS<0^-;^fflV\ ?tai0N.S 
aSO. 5m/seci:Lit:l:gl 2mm0)#—fr*y 

Si: LTSWL^. HA^Iieiatt4 5 0x1 0*111 
50 X\ mmStO. lT*->ft. 4fc, b'y^-X®S 



(4) 



#. y ?-^>f7£fflVVtl8IIBlmm, £££>l Omm<0 

[oo3O]fi!*0ii •■■ mmimimt 

mfcH8fcLTMoS 2 <7)82«£©j£U:. 
lfcHStrSffllLfctC^. BA^«@S«2 70xi 10 

-^as«9 0 0 HvtA^t. HSS0! 1 tm&nmm 

Xm&Tii. K*>85 0%j&«Illf Lfc. 
[OO3UHS80I2 ••• S$ 2 mm. 2 0mm 
ft<r>XT>VX® (SUS304) StttfeU CrN 

2 0 *t m t LKimtmm 1 1 e«*c ucss 1 a 

fc. lmm^Jt 1 ). rtSO. 2~2/<m<0?l#l 0 0 
~2 0 OTOdcSivOtf:. 

[0032] «I<0gm^tH^>'N*7»fSL'C. HfflfiS R 20 
maxSrO. 08/zmfcLJt. ££>5ff&U'dS&ttfc. M 
o S 2 »*7 4.0 g t 5 0 m<0SM§t-X3 2 0 g i: 

iftWx7-#y,fcgmfctf)i£Jg£ 1 0 Om 
m s !SWxT-E$r3kgf/cm2fcLTlHi:#Wt. >- 
3 «y h e-->^SfcJ: 9Mo S2jg*^£S®2Jl§i 
£Jgj£U:. 832JI<?DKSti;l/*nrej>ojt. 

[0033] susta 1 1 m®<w$mjjnmw*. mm 

[00 34] tiz. ^«200kgf . EBSaS50r 
pm<7)7rU-y^X|S«T»i. EHEf?Kfra>4> 1 0 0 0# 30 

10035} mmi^mimkizyrU'y^xmi 

0. soos^t^wi^e^^wtltaU:. 
[oo36]iuasW3 ••• mmitmwtizm 
mtLxcrNmioumm&L. »m&&lx\* 

79fei?OSffifflSRali0. 0 8/*nu rt7«BStftl* 
0. 03umX'h->tz. 40 
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[0037] -e<o±t. ttsmttaistrxsu 

-t -f >rmw.£ x o . a gw>>t>%&w*mm& 

tin,*:. m-^)7?ywwx\z&mk<7)As4>i 

vhtTJl* S^t'-Aaj^J 1 0 kW, 40mV. 4* 
>-fcS££5 0mV. 2 OA. A-f TX^E- 2 0 0 V<0 
*ttT3 0#j£J8!U Agjgi&O. 5//mJgj£Lfc. 
[0038] <?B2N. mmra. ^6 0 0 0001k 

mm®mi2 5 0 x 1 o*hl gjg{&ai±o . 4 5-c 
His«itK«^^^Sfirc«. mommi 

-^M.^tltciP-yiz. 

[OO39]ti£*0!2 ••• 5US«2t^taW 

^m-i*-rfciys0<2tHi^<omi«^)«i^ uss 

W2fcll«tcLTA g |gW8S2Jf£jf&£U:. HJI0I2 
tdtttc^iBLfet^^. WAJlMSIIIgfctl 7 Ox 1 0 
2 @T. $^^S«i0. 5T*>o7t. SUSHI 

[oo4o]ius0i4 • ■• n®x>7vm&\m 

tfl«C. HSfiWlt^«tcLTCrN|S«:2 0^m}gj£ 

8fei3<^ffla$Ra{iO. 20jum. gfg&teO. 0 
8umXt)->t:. *co±fc||S^2fcl^BH;:LTMoS 
2&£l At m»j£Ut. 

[0041] ztitM&mimzxyri.z&x.m . 

Una^fcLT. ^a*+Tl9fiSJSl 7m/sTEIK$ 
[0042] Jtt!^ ■•• MoS2&£«&£L&U 

[0043] 

x^Mmm&tmttmmjjimTitf. mmiz 
bti'>xwmm#%e>ti. &ta>o&\.*mmmtf 
®&x% hwxmmtttmtz w&thz ti?x% 



(51)Int.Cl.-' 

) 

F16C 33/10 
33/12 
33/14 
33/24 
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